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Description 


[0001] This invention relates generally to airborne 
tracking and collision avoidance systems. 

[0002] Most passenger and commercial airline aircraft 
in the United States are required to be equipped with a 
so-called Traffic Alert and Collision Avoidance System 
(TCAS), either version "TCAS |" or "ТСАЗ Il". ТСАЗ 
equipment operates independently of an existing ground- 
based air traffic control (ATC) system. A given TCAS- 
equipped aircraft detects signals from transponders of 
other nearby aircraft which may or may not be TCAS- 
equipped, in response to interrogation signals emitted 
from the given TCAS aircraft. Based on the detected 
transponder signals, the TCAS pilot may be advised to 
take appropriate action (e.g., climb or descend) if any of 
the nearby aircraft poses a collision threat. 

[0003] TCAS | displays traffic advisories (TAs) and 
warnings of nearby aircraft to assist the pilot in visual 
acquisition of aircraft that pose a collision threat. TCAS 
|| provides the TAs as well as resolution advisories (RAs) 
to the pilot, wherein the RAs serve to cause a display 
and an audible alert of certain avoidance maneuvers. For 
example, if two TCAS Il-equipped aircraft approach one 
another on a potential collision course, one pilot may be 
instructed to climb and the other pilot instructed to de- 
scend in order to resolve the collision threat. A first one 
of the two approaching TCAS II aircraft (the "master") 
transmits its determined RA to the second aircraft ("the 
slave"), and the latter acknowledges by formulating a 
complementary maneuver and transmitting a corre- 
sponding complementary RA (RAC) signal back to the 
first aircraft. See, 0.5. Department of Transportation, 
Federal Aviation Administration, "Introduction to TCAS 
Il, Version 7" (Nov. 2000), and Minimum Operational Per- 
formance Standards (MOPS) for TCAS II Airborne Equip- 
ment, RTCA Document DO-185A (Dec. 1997). 

[0004] A given TCAS-equipped aircraft receives and 
detects signals that are emitted from transponders of oth- 
er aircraft on a radio frequency of 1090MHz, both auton- 
omously (in the case of so-called acquisition squitters) 
and in response to interrogation signals from the given 
aircraft on a frequency of 1030MHz. Further, in addition 
to a pair of top and bottom-mounted fuselage antennas 
required by the аігсга 5 own transponder, a second pair 
of top and bottom fuselage antennas must be installed 
on the aircraft to implement the TCAS functions. 

[0005] In view of tragic events that occurred in the Unit- 
ed States on September 11, 2001, and other special cir- 
cumstances, situations may arise in which military aircraft 
are called upon to approach, escort or intercept a civil or 
commercial TCAS-equipped aircraft. In such scenarios, 
it would be desirable both for the civil pilot to be made 
aware of the proximity of the military aircraft via his/her 
on-board TCAS equipment and for the military pilot to 
acquire at least range information with respect to the civil 
aircraft, without either aircraft having to receive and rely 
upon ground-based tracking information. 
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[0006] У/О-А-01/11389 discloses a system for trans- 
mitting directional reply signals in response to received 
ATCRBS and Mode Select interrogation signals, and 
which incorporates current TCAS interrogation and re- 
ceiver protocols. 

[0007] U.S. Patent 6,262,679 (Jul. 17, 2001) discloses 
a midair collision avoidance system that includes an ex- 
isting TCAS configuration, and a separate tactical mod- 
ule for providing avoidance guidance control and display 
for military aircraft under formation flight and air-refueling 
conditions. An enhanced TCAS (ETGAS) available from 
Honeywell under the designation CAS-81 and for use by 
the military, offers operation in either a standard TCAS 
II mode or a formation mode. ETCAS also requires а full 
compliment of TCAS II equipment and associated anten- 
nas to be installed on a given aircraft. 

[0008] А known configuration for a mid-air, aircraft col- 
lision avoidance system (hereafter "MCAS") intended for 
deployment by the military and under development by 
BAE SYSTEMS Advanced Systems, Greenlawn, New 
York, may be integrated and contained within currently 
available military airborne transponders such as, е.0., 
types AN/APX-117(V) and AN/APX-118(V). The system 
operates to alert a pilot to the presence of nearby military 
aircraft whose transponders emit so-called Automatic 
Dependent Surveillance Broadcast (ADS-B) extended 
squitter signals on a periodic basis. The signals are typ- 
ically transmitted on a radio frequency of 1090 MHz, and 
in a downlink format (DF) known as DF17. The DF17 
format includes position data for the associated aircraft 
as obtained by the global position satellite (GPS) system, 
velocity, and other information concerning the aircraft's 
identification and intent. See, e.g., MOPS for 1090 MHz 
ADS-B, RTCA Document DO-260 (Sep. 2000). 

[0009] Apilotofagiven MCAS-equipped aircraft is pro- 
vided with a cockpit display of traffic information (СОТ!) 
concerning other aircraft whose DF17 signals are re- 
ceived and processed by the on-board MCAS. The 
MCAS pilot may also be made aware of certain other 
aircraftthat are being tracked by a ground station, by way 
of an uplink signal (in DF17 format) from the ground sta- 
tion that is received and processed by the on-board 
MCAS. Тһе MCAS аігсгай 5 existing pair of transponder 
antennas are also used for implementing the MCAS func- 
tions. 

[0010] As presently configured, the above MCAS re- 
sponds only to transponder or uplink signals that corre- 
spond to a limited class of aircraft. Most civil or commer- 
cial aircraft do not have transponders that transmit ADS- 
B extended squitter signals, but instead have Mode S 
transponders which emit signals in formats (e.g., DFO, 
DF11 or DF16) that are not recognized by MCAS. See 
generally, MOPS for Air Traffic Control Radar Beacon 
System/Mode Select (ATCRBS/Mode S) Airborne Equip- 
ment, RTCA Document DO-181C (Jun. 2001). 

[0011] Accordingly, if an aircraft equipped with the 
present MCAS enters commercial air space, the system 
may not respond to proximate commercial or civil aircraft 
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that розе a collision threat. Also, if the MCAS аігсгай 
wants to be "invisible" to а TCAS aircraft in a close ap- 
proach or intercept maneuver without distracting the 
TCAS pilot, the MCAS pilot must turn his/her transponder 
system off prior to initiating the desired pass. It is of 
course preferable to sustain MCAS operation at all times, 
especially in situations where, for example, a military 
MCAS aircraft is called upon to escort a commercial 
TCAS aircraft in close formation over a long distance. 
Thus, while a TCAS-equipped aircraft may detect and 
advise its pilot to respond to the presence of a MCAS- 
equipped aircraft, the two collision avoidance systems 
are not presently configured to cooperate otherwise with 
one another. 

[0012] Fighter and other military aircraft have little if 
any space available for installation of additional avionics 
equipment. Thus, a configuration that will enable the 
above described MCAS to inter-operate with commercial 
TCAS-equipped aircraft without significantly enlarging 
the volume of MCAS equipment already on board, and 
without requiring additional antennas to be mounted on 
top and underneath the fuselage, would be highly desir- 
able. 

[0013] Іп accordance with one aspect of the present 
invention, there is provided an transponder and collision 
avoidance system for deployment on a given aircraft, the 
system comprising: 


an antenna array constructed and arranged for emit- 
ting and receiving signals within a certain range of 
the given aircraft at first and second defined radio 
frequencies; 


a receiver stage arranged to be coupled to the an- 
tenna array, for detecting: 


at the first frequency: 


(i) first interrogation signals transmitted to 
the given aircraft from nearby aircraft, and 


(ii) first resolution advisory, RA, signals di- 
rected to the given aircraft from nearby air- 
craft having certain collision avoidance sys- 
tems on board, 


and at the second frequency: 


(i) first acquisition signals emitted from 
nearby aircraft and containing information 
with respect to the nearby aircraft, and 


(ii) first reply signals transmitted from near- 
by aircraft in response to interrogation sig- 
nals transmitted to the nearby aircraft; 


a transmitter stage arranged to be operatively cou- 
pled to the antenna array for producing: 
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at the first frequency: 


(i) second interrogation signals fortransmis- 
sion to nearby aircraft, and 


(ii) second RA signals for transmission to 
the nearby aircraft, 


and at the second frequency: 


(i) second acquisition signals containing in- 
formation with respect to the given aircraft, 
and 


(ii) second reply signals in response to re- 
ceived first interrogation signals; 


a system processor coupled to the receiver stage 
and to the transmitter stage for controlling operations 
of the receiver stage and transmitter stage to pro- 
duce (a) tracking and collision avoidance information 
according to information contained in signals detect- 
ed by the receiver stage, and (b) waveforms for use 
in defining signals for transmission by the transmitter 
stage; 


a control unit coupled to the system processor, 
wherein the control unit and the processor are con- 
structed and arranged to enable a pilot of the given 
aircraft to select and to control one or more operating 
modes of the system, and one of the modes is a 
collision avoidance mode that interoperates with the 
collision avoidance systems on board the nearby air- 
craft; 

wherein the system processor is in the collision 
avoidance operating mode configured апа рго- 
grammed always to assume a slave function with 
respect to nearby aircraft and to await first RA signals 
transmitted by nearby aircraft at the first frequency, 
the first RA signals containing information relating to 
a collision avoidance manoeuvre for the given air- 
craft determined by the nearby aircraft, the system 
processor being configured and programmed to pro- 
duce, via the transmitter stage at the first frequency, 
second RA signals in a form representing collision 
avoidance manoeuvre information that is comple- 
mentary with information contained in the detected 
first RA signals, so that the nearby aircraft is allowed 
to resolve a potential collision conflict in a manner 
having the least impact in its intended flight path; 


a display unit coupled to the system processor for 
producing a graphic representation of the tracking 
and collision avoidance information produced by the 
system processor. 


[0014] According to the invention, an airborne tracking 
and collision avoidance system for deployment on a giv- 
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еп aircraft, includes ап antenna array for mounting оп an 
aircraft body, atransmit/receive (T/R) switch module cou- 
pled to the antenna array, and a receiver stage coupled 
to the switch module wherein the receiver stage (a) de- 
tects at a first radio frequency, first interrogation signals, 
and first collision resolution advisory (RA) signals trans- 
mitted from other nearby aircraft, and (Б) detects at a 
second radio frequency, first acquisition signals including 
position information with respect to the nearby aircraft, 
and first reply signals from the nearby aircraft. A trans- 
mitter stage is coupled to the T/R switch module and is 
operative (a) to produce at the first radio frequency, sec- 
ond interrogation signals and second collision RA sig- 
nals, and (b) to produce at the second radio frequency, 
second acquisition signals including position information 
with respect о the given aircraft, and second reply signals 
fromthe given aircraftin response to the first interrogation 
signals. 

[0015] A system processor is coupled to the T/R switch 
module, the receiver stage and the transmitter stage, and 
the processor is configured and programmed to produce 
(a) tracking and collision avoidance information accord- 
ing to, (i) the first acquisition signals, (ii) the first reply 
signals and (iii) the first RA signals detected by the re- 
ceiver stage, and (b) waveforms for use in the transmitter 
stage to produce the second acquisition signals, the sec- 
ond interrogation signals, and the second collision RA 
signals. A control unit coupled to the system processor 
enables an operator to set and control operating modes 
of the system, and a display unit coupled to the system 
processor produces a graphic representation of the track- 
ing and the collision avoidance information produced by 
the system processor. 


[0016] The radio frequencies may include 1030 MHz 
and 1090 MHz. 
[0017] The antenna array may comprise an omni-di- 


rectional antenna mounted on an upper portion of a fu- 
selage of the given aircraft, and an omni-directional an- 
tenna mounted on a lower portion of said fuselage. 
[0018] The receiver stage may be operative to detect 
first acquisition signals that contain information relating 
to a position of the nearby aircraft, and the system proc- 
essor may be configured to determine said position from 
the detected first acquisition signals. 

[0019] The first acquisition signals may be in the form 
of Automatic Dependent Surveillance Broadcast, ADS- 
B, squitter signals. 

[0020] The control unit and the system processor may 
be constructed and arranged to enable a pilot of the given 
aircraft to select an intercept mode of operation in which 
second RA signals when transmitted to a target aircraft 
by the transmitter stage contain information correspond- 
ing to a command for the target aircraft to maintain level 
flight. The system processor may be configured not to 
respond to first RA signals transmitted from the target 
aircraft to the given aircraft when in the intercept mode 
of operation, and to continue to produce the second RA 
signals commanding the target aircraft to maintain level 
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flight. The system processor may be configured so that, 
when the intercept mode is selected, algorithms that 
would otherwise instruct the pilot of the given aircraft to 
achieve a safe separation from nearby aircraft, are inhib- 
ited. 

[0021] Thesystem processor may be configured to en- 
able the system to function as a transponder. The control 
unit may be constructed and arranged to enable a code 
corresponding to a selected transponder mode to be en- 
tered manually by the pilot of the given aircraft. 

[0022] The system processor may be configured to 
process certain information concerning squadron air- 
craft, and the control unit may be arranged to enable said 
information to be entered manually by the pilot of the 
given aircraft. The information concerning squadron air- 
craft may correspond to a squadron’s transponder code 
or Mode S address. 

[0023] The system may include a transmit/receive, 
T/R, switch module coupled to the antenna array and to 
the system processor, and an input of the receiver stage 
and an output of the transmitter stage are coupled to the 
T/R switch module. 

[0024] Тһе system processor may be also configured 
to determine a course of action, which is producing a 
second RA signal in accordance with the information con- 
tained in the detected first RA signal from a nearby air- 
craft. 

[0025] For a better understanding of the invention, ref- 
erence is made to the following description taken in con- 
junction with the accompanying drawings and the ap- 
pended claims. 

[0026] Іп Ше drawing: 


FIG. 1 is a side elevation view of a military aircraft 
equipped with a tracking and collision avoidance sys- 
tem according to the invention; 


FIG. 2 is a graphic representation illustrating acqui- 
sition of tracking or collision avoidance information 
by the aircraft of FIG. 1 with respect to other MCAS 
and TCAS-equipped aircraft in its vicinity; 


FIG. 3 is a schematic block diagram of the tracking 
and collision avoidance system of the invention; 


FIG. 4 is a view of a control unit that may be used 
by a pilot to interface with the system of FIG. 3; and 


FIG. 5is acockpit display that may be used to show 
tracking and collision avoidance information with re- 
spect to proximate aircraft as derived by the system 
of FIG. 3. 


[0027] ІпҒІС.1,адімеп aircraft 10, e.g., a jet-powered 
military fighter or escort, is furnished with a system 20 
(see also FIG. 3) that operates to derive tracking and 
collision avoidance information with respect to other, 
proximate transponder-equipped aircraft. As represent- 
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ed in FIG. 2, such other аігсгай may include both MCAS- 
equipped aircraft 12, 14 and 16; TCAS-equipped aircraft 
18, 19; and other aircraft (not shown) having only an AT- 
CRBS Mode S transponder. The MCAS equipped aircraft 
may include helicopters, high performance jet fighters, 
and other military aircraft whose flight characteristics dif- 
fer and can form the basis of collision avoidance infor- 
mation to be displayed to the respective pilots. The TCAS 
equipped aircraft may include commercial airliners, gen- 
eral aviation and all other aircraft for which either TCAS 
Гог TCAS ІІ is mandated by the applicable authorities. 
[0028] FIG. 3 is a schematic diagram of the present 
tracking and collision avoidance system 20. The system 
20 is capable of inter-operating with TCAS equipped air- 
craft, as well as providing the pilot with warnings of other 
nearby MCAS and transponder equipped aircraft. The 
system 20 includes an existing MCAS antenna array 22 
comprising an upper antenna 24 that is mounted atop a 
fuselage 25 of the aircraft 10 (see FIG. 1), and a lower 
antenna 26 mounted beneath the aircraft fuselage 25. 
Each of the antennas 24, 26 may, for example, be in the 
form of a blade and have an omni-directional pattern at 
those frequencies used by both MCAS and TCAS for 
transponder interrogation and reply signals, i.e., 1030 
MHz and 1090 MHZ, respectively. In the system 20, the 
two antennas 24, 26 implement both MCAS and the 
TCAS functions. By contrast, a typical TCAS installation 
requires the addition of a pair of lower and upper fuselage 
antennas separate and apart from an existing pair of up- 
per and lower fuselage antennas which are coupled to 
an aircrafts Mode S transponder. 

[0029] Each of the antennas 24, 26 is selectively cou- 
pled to either (a) inputs of a 1030 MHz receiver 28 and 
a 1090 MHz receiver 30, or (b) an output of a RF power 
amplifier 32. The power amplifier 32 operates to provide, 
for example, approximately 500 watts of RF power to the 
antennas 24, 26 for transmission of interrogation signals 
and the RA and RAC signals associated with TCAS ІІ, 
at 1030 MHz. Amplifier 32 also supplies the earlier men- 
tioned ADS-B extended squitter signals for transmission 
from the antennas 24, 26 at 1090 MHz. The antennas 
24, 26 are selectively connected to either the inputs of 
the receivers 28, 30, or the output of the power amplifier 
32, through a transmit/receive (T/R) switch module 34 
the operation of which is controlled by a suitably pro- 
grammed system processor 35. 

[0030] A first transmitter/modulator 36 is constructed 
and arranged to produce the ADS-B extended squitter 
signals at 1O90MHz autonomously on a periodic basis, 
and to provide reply signals at 1090MHZ from the aircraft 
10 in response to interrogation signals received at 
1030MHz from nearby TCAS-equipped aircraft or ground 
stations. A second transmitter/modulator 38 is provided 
as а source of interrogation signals, RA and RAC signals 
at 1030 MHz for transmission from the aircraft 10 to near- 
by TCAS-equipped aircraft. Depending on the instant 
mode of operation of the system 20, either an output of 
the transmitter 36 or an output of the transmitter 38 is 
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coupled to an input of the power amplifier 32 through a 
RF switch 40 under the control of the processor 35. 
[0031] A pilot of the aircraft 10 provides input com- 
mands to the system 20 and is apprised of the system’s 
status and other operating information, by way of a re- 
mote control unit (RCU) 60. See FIG. 4. The RCU 60 is 
preferably mounted for convenient access by the pilot 
inside the aircraft cockpit, and has a light emitting diode 
(LED) panel 62 for displaying and confirming information 
entered by the pilot ма an alphanumeric keypad 64 for 
each of a number of menu-selected items. Menu options 
are viewed by actuating a rocker switch 66 either up (+) 
or down (-), and displaying an item for which data is to 
be entered by the pilot on the panel 62, for example, a 
transponder code for a selected IFF mode. 

[0032] A multi-position master transponder switch 68 
at the upper left of the RCU 60 in FIG. 4, allows the pilot 
to place the system 20 in a desired operating mode. For 
example, a standby (STBY) position for the switch serves 
to energize the system receivers 28, 30 to allow reception 
of acquisition squitters and interrogations, but disables 
the system transmitter/modulators 36, 38. A NORMAL 
position for the switch 68 enables transponder operation, 
і.е., the transmitters 36, 38 are energized and desired 
IFF transponder modes (e.g., Mode 4, Mode 5 and Mode 
S) can be programmed via the menu rocker switch 66, 
the keypad 64, and the display panel 62. 

[0033] АТА position for the switch 68 sets the system 
20 to emulate a TCAS | collision avoidance mode in ad- 
dition to the earlier described MCAS function. That is, 
the pilot is provided with a display of proximate intruding 
or target aircraft, but without any exchange of coordinat- 
ed collision avoidance information. A TA/RA position for 
the switch 68 enables the system 20 to emulate a TCAS 
| collision avoidance mode in addition to MCAS opera- 
tion. As explained below, when performing the TCAS ІІ 
functions, the system 20 preferably always assumes a 
"slave" role when exchanging resolution advisory infor- 
mation with other, proximate TCAS ІІ equipped aircraft. 
[0034] A cockpit display of traffic information (СОТ!) 
42, shown in FIG. 5, provides a pilot with visual aware- 
ness of MCAS, TCAS and other transponder-equipped 
aircraft within a surveillance range. The CDTI 42 is pref- 
erably mounted near or adjacent to the RCU 60 in the 
aircraft cockpit, and in the pilot’s field of view. Warnings 
and maneuver commands are annunciated via an aircraft 
intercom 44. Both the CDTI 42 and the intercom 44 are 
driven from associated interfaces (not shown) based on 
information provided by the system processor 35. The 
display markings and nomenclature shown in FIG. 5 may 
be the same or similar to those used for typical TCAS 
TA/RA or VSI displays, and can be readily understood 
and interpreted by those familiar with existing TCAS sys- 
tems. The СОТ! 42 may also be constructed as a heads- 
up display (HUD). 

[0035] In FIG. 3, the system processor 35 is configured 
at 50 to process either ADS-B extended squitter signals 
as output from the receiver 30, or interrogation signals 
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received from other аігсгай or ground stations at 1030 
MHz as output from the receiver 28. At 52, the processor 
is represented as being configured to operate on re- 
ceived ATCRBS, DF11 acquisition squitters, and dis- 
crete Mode 5 replies typically emitted by other aircraft in 
a TCAS | ог TCAS ІІ environment. The system processor 
35 is also configured to operate, at 54, to provide a wave- 
form generator function that enables pulse position mod- 
ulation (PPM) for ATCRBS/Mode 5 All-Calls and АТ- 
CRBS-only All-Calls, as defined іп а TCAS environment. 
Further, the processor 35 is configured to generate a 
differential phase shift keying (DPSK) waveform which 
is used in modulating the TCAS Mode 5 interrogation 
signals at 1030 MHz for intruder tracking, and when trans- 
mitting RA and RAC signals from the aircraft 10 to TCAS 
| equipped aircraft within range. 

[0036] MCAS-specific collision avoidance algorithms 
are also stored in the processor 35 (at 52), and are aug- 
mented to function with range, range rate and range ac- 
celeration information as acquired when in a TCAS op- 
erating mode. The collision avoidance algorithms are 
specifically tailored for unique flight characteristics of the 
aircraft 10, since current civil TCAS algorithms do not 
provide solutions for helicopters or high performance jet 
fighters. Accordingly, the algorithms should be tailored 
specifically for the platform application, e.g., fighter, hel- 
icopter, cargo, or the like. 

[0037] Also, as mentioned, the processor 35 may be 
programmed and configured to implement a vocoder 
function to annunciate typical TCAS advisory command 
terms such as, e.g., CLIMB, DESCEND, and the like. 


EXAMPLE 1: Intruding or Target Aircraft Lacking TCAS 
or Having TCAS | Equipment Only 


[0038] When encountering an aircraft having only 
TCAS | capability, or lacking any TCAS ability, the 
present system 20 acquires, tracks and displays the tar- 
get. Specifically, the system processor 35 is programmed 
to monitor via the 1090 MHz receiver 30 for acquisition 
squitter signals that are transmitted randomly in, e.g., a 
DF11 format by other Mode S transponder-equipped air- 
craft within range. Га DF11 acquisition squitter signal is 
detected, the processor 35 operates to cause the 1030 
MHz transmitter/modulator 38 to interrogate the target 
using a Mode S address that is derived from the target’s 
squitter signal, and to establish a range, range rate and 
relative altitude with respect to the target. 

[0039] For proximate aircraft that do not transmit ac- 
quisition squitter signals of any kind, the processor 35 is 
preferably configured to cause the system transmitter 38 
to produce interrogation signals at 1030 MHz in the form 
of ATCRBS/Mode S All-Calls to locate such other aircraft. 
Aircraft that are so located are then actively interrogated 
to establish tracking parameters on them. 

[0040] When a protective zone (tau time to closest 
point of intercept) with respect to the aircraft 10 is to be 
invaded, the threat is displayed via the СОТ! 42 with for- 
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mulated visual cues and aural advisories (CLIMB, DE- 
SCEND, INCREASE DESCENT, or the like) through the 
intercom 44, instructing the pilot to avoid a potential col- 
lision. Because there is no exchange of RA signals ina 
TCAS | encounter, the system 20 only provides collision 
avoidance advisories (TAs) to the pilot of the aircraft 10 
in which the present system 20 is installed. 


EXAMPLE Il: Encounters with ТСА ІІ Equipped Aircraft 


[0041] Іп an encounter with another aircraft in which 
TCAS ІІ equipment is installed, the system processor 35 
is configured and programmed to acquire, track and dis- 
play the target aircraft to the pilot, similar to the operation 
of a typical TCAS ІІ system. When the protective zone 
about the aircraft 10 is to be invaded, the threat and for- 
mulated visual cues are provided to the pilot via the СОТ! 
42 together with aural advisories via the intercom 44, 
thus aiding the pilot to avert a potential collision. Unlike 
a typical TCAS II system, however, the processor 35 of 
the system 20 is preferably programmed so as not to 
initiate coordinated resolution advisories (RAs) with the 
target or threat aircraft. 

[0042] Thatis, the system 20 effectively forces the en- 
countered TCAS II system to become the "master" in a 
typical TCAS II conflict resolution process, and to deter- 
mine its own resolution advisory and transmit a corre- 
sponding RA signal at 1030 MHz to the aircraft 10. Once 
the processor 35 determines the intended path of the 
target aircraft, the processor operates (at 52) to deter- 
mine a course of action, i.e., a resolution advisory com- 
plement, such as would continue to mitigate the collision 
threat without entering a crossing scenario. A corre- 
sponding RAC signal is then transmitted to the target 
aircraft via the 1030 MHz transmitter/modulator 38. 
[0043] Accordingly, unlike a typical TCAS ІІ system іп 
which an aircraft that has a lower Mode 5 address be- 
comes the "master", the system 20 always assumes the 
"slave" role in resolving the conflict. The intruding TCAS 
| aircraftis thus allowed to resolve the conflict ina manner 
having least impact to its intended flight path. 

[0044] With respect to future upgrades for the com- 
mercial and general aviation TCAS collision avoidance 
algorithms, an ability to identify military platforms and to 
discriminate them from civil or commercial aircraft, 
should be established. Military aircraft generally have 
more freedom and capability to alter their flight paths tem- 
porarily for the purpose of avoiding a collision, than cer- 
tain larger civilian or commercial aircraft. The avoidance 
algorithms may therefore be tailored so that a civil aircraft 
minimizes the impact of an avoidance maneuver to its 
intended flight path, and a military aircraft with a collision 
avoidance system the same or similar to the system 20 
will always assume the "slave" role during a coordinated 
resolution advisory signal exchange with the civil aircraft 
in normal flight operations. 
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EXAMPLE Ill: Military Intercept 


[0045] The current TCAS version 7.0 has no provision 
to alert a commercial aircraft of an imminent military in- 
tercept maneuver. As suggested earlier, recent events 
may result in an upgrade of current TCAS algorithms to 
include reception of a military intercept command with 
associated commanded flight maneuvers. 

[0046] TCAS ІІ systems presently attempt to maintain 
a safe vertical separation between approaching aircraft. 
Accordingly, upon entry of a menu-selected "Intercept" 
operation mode via the RCU 60, collision avoidance al- 
gorithms within the processor 35 that would otherwise 
instruct the pilot to climb or descend to achieve a safe 
vertical separation are inhibited so as not to distract the 
pilot from an intercept maneuver. When in the Intercept 
mode, the processor 35 may also be programmed to 
cause the transmitter/modulator 38 to send Vertical 
Speed Limit (VSL) RA signals to the target aircraft calling 
for "zero feet per minute", so that a TCAS ІІ system 
aboard the target aircraft will effectively advise the TCAS 
Il pilot to maintain level flight. 

[0047] Once detecting transponder reply signals at 
1090 MHz from the transmitter 36 of the present system 
20, the TCAS II aircraft may nonetheless attempt to 
maneuver away from the impending conflict and will also 
formulate and issue corresponding RA signals to the in- 
tercepting aircraft 10. Thus, when in the intercept mode, 
the processor 35 of the system 20 should preferably be 
programmed so as not to acknowledge any received RA 
signals but, rather, to continue to transmit level flight RA 
signal commands to the TCAS II pilot. Notwithstanding 
a recognition of a level flight command, current TCAS 
systems may still attempt to command the TCAS pilot to 
climb or descend to maintain a safe vertical separation. 
Accordingly, the recognition of a military intercept com- 
mand and of corresponding commanded flight parame- 
ters, are features that should be considered in future up- 
grades of TCAS so as to facilitate the intercept scenario. 
[0048] Existing commercial TCAS systems do utilize 
a directional antenna to glean bearing information for 
nearby aircraft. Nonetheless, basic TCAS collision avoid- 
ance algorithms predominantly use range, range rate, 
range acceleration and altitude to provide a collision 
avoidance function. While bearing information may be 
used in the collision avoidance algorithm, it is not a nec- 
essary parameter. Bearing information is also used to 
display a threat to a pilot on a TCAS display. If bearing 
information does not exist, however, traffic displays in- 
clude provisions for "No Bearing Messages", and show 
range and relative altitude of a threat aircraft to the pilot. 
That is, knowledge of proximate aircraft by range and 
relative altitude alone often suffices to provide adequate 
situational awareness to the pilot. 

[0049] Without the use of directional interrogation an- 
tennas, bearing information may still be determined by 
the present system 20 if an intruding aircraft also reports 
its position data via the ADS-B acquisition squitters. Ac- 
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tive interrogations by the system 20 may be used to val- 
idate the ADS-B position data reported by the aircraft, 
thus eliminating a safety risk of introducing data obtained 
by means other than а TCAS function for use іп а TCAS 
avoidance algorithm. 

[0050] The existing Air Traffic Control system pre- 
sumes that an aircraft’s transponder will have some min- 
imal availability. Because TCAS surveillance and track- 
ing functions will typically result in a transmit duty cycle 
of less than 1 % for the present system 20, the system 
will otherwise be available more than 98% of the time for 
normal transponder air-ground and air-air surveillance 
replies. 

[0051] To improve the situational awareness of the pi- 
lot when in a collision avoidance mode, the system 20 
monitors 1090 MHz for Mode S acquisition squitters 
which are transmitted periodically by other aircraft to al- 
low the system to acquire new intruders per stored TCAS 
algorithms. Upon receipt of an acquisition squitter from 
a new intruder, the system 20 is configured actively to 
interrogate and to determine range and range rate of the 
intruder. The system is also preferably configured to in- 
terrogate its surroundings actively using ATCRBS/Mode 
S All-Calls and ATCRBS-only All-Calls to acquire any 
aircraft having Mode 3/A and Mode С transponders (і.е., 
по Mode $ capability and no means to transmit acquisi- 
tion squitters). Any replies are processed and provided 
in the form of a graphic display on the CDTI 42. In the 
absence of bearing information for proximate aircraft, a 
"No-Bearing" alert may nonetheless display the range 
and the relative altitude of a detected intruder. Thus, the 
pilot is made aware of the intruder at a determined range 
and altitude difference, even without bearing information. 
[0052] Using the single pair of antennas 24, 26, an 
approximately 500 watt RF power level for the amplifier 
32, and typical Mode $ transponder sensitivities for the 
receivers 28, 30; the interrogation range of the system 
20 will be nominally 25 nautical miles. Depending on the 
geometry between the aircraft 10 and an aircraft to be 
interrogated, i.e., the elevation angle between the active 
antennas on the two aircraft, the range may be greater. 
The performance of a typical TCAS II directional antenna 
and atransponder blade antenna are comparable. Trans- 
mit powers may be higher under TCAS II specifications 
since TCAS II systems are expected to provide 40 nau- 
tical mile coverage surrounding own ship. The present 
system 20 should provide reliable coverage of at least 
25-30 nautical miles surrounding own ship. And, because 
the 1090 MHz receiver 30 of the system preferably has 
equal if not more sensitivity than a typical TCAS receiver 
in order to receive the ADS-B acquisition squitters, the 
range over which the system 20 is capable of receiving 
transponder replies to its interrogations is comparable, 
if not better, than the interrogation reply range of existing 
TCAS systems. 

[0053] In sum, the system 20 provides an enhanced 
situational awareness to a military pilot by processing 
acquisition squitters received from proximate Mode S 
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equipped aircraft, and by actively interrogating non-ADS- 
B aircraft. The system 20 emulates basic TCAS opera- 
tions by providing collision avoidance maneuver adviso- 
ries to apilot of the aircraft 10; and coordinated, resolution 
advisories (RAs or RACs) to pilots of proximate TCAS ІІ 
equipped aircraft. Mode S/ATCRBS interrogation capa- 
bility is provided so that other transponder equipped air- 
craft can be identified and tracked to provide collision 
avoidance. The system 20 provides safety features that 
until now could only be offered by platforms that occupy 
the space needed for a complete TCAS system installa- 
tion and require more than one pair of upper and lower 
aircraft fuselage antennas. 

[0054] In another embodiment, for example, to support 
formation flying or in-flight fueling operations, the system 
processor 35 may also be configured and programmed 
to allow a pilot to identify unique squadron aircraft. Infor- 
mation concerning squadron aircraft, e.g., an aircrafts 
Mode 3/A code or Mode S address, may be input to the 
system 20 by way of the RCU 60. Also, during military 
flight operations, aso-called interrogator locator (IL) func- 
tion that might otherwise be implemented when in a 
TCAS mode, may be disabled upon pilot command to 
minimize interference to civil air traffic control and to near- 
by airborne civilian TCAS systems. 


Claims 


1. A transponder and collision avoidance system (20) 
for deployment on a given aircraft (10), the system 
comprising: 


an antenna array (22) constructed and arranged 
for emitting and receiving signals within a certain 
range of the given aircraft (10) at first and second 
defined radio frequencies; 

areceiver stage (28, 30) arranged to be coupled 
to the antenna array (22) for detecting: 


at the first frequency: 


(i) first interrogation signals transmitted 
to the given aircraft (10) from nearby 
aircraft, and 

(ii) first resolution advisory, RA, signals 
directed to the given aircraft (10) from 
nearby aircraft (18, 19) having certain 
collision avoidance systems on board, 


and at the second frequency: 


(i) first acquisition signals emitted from 
nearby aircraft (12, 14, 16) and contain- 
ing information with respect to the near- 
by aircraft, and 

(ii) first reply signals transmitted from 
nearby aircraft (12, 14, 16, 18, 19) in 
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response to interrogation signals trans- 
mitted to the nearby aircraft; 


a transmitter stage (36, 38) arranged to be op- 
eratively coupled to the antenna (22) array for 
producing: 


at the first frequency: 


(i) second interrogation signals for 
transmission to nearby aircraft (12, 14, 
16, 18, 19), and 

(ii) second RA signals for transmission 
to the nearby aircraft (18, 19), 


and at the second frequency: 


(i) second acquisition signals contain- 
ing information with respect to the given 
aircraft (10), and 

(ii) second reply signals in response to 
received first interrogations signals; 


a system processor (35) coupled to the receiver 
stage (28, 30) and to the transmitter stage (36, 
38) for controlling operations of the receiver 
stage and transmitter stage to produce (a) track- 
ing and collision avoidance information accord- 
ing to information contained in signals detected 
by the receiver stage, and (b) waveforms for use 
in defining signals for transmission by the trans- 
mitter stage; 

a control unit (60) coupled to the system proc- 
essor (35), wherein the control unit and the proc- 
essor are constructed and arranged to enable а 
pilot of the given aircraft (10) to select and to 
control one or more operating modes of the sys- 
tem (20), and one of the modes is a collision 
avoidance mode that interoperates with the col- 
lision avoidance systems on board the nearby 
aircraft (18, 19); 

wherein the system processor (35) in the colli- 
sion avoidance operating mode is configured 
and programmed always to assume a slave 
function with respect to nearby aircraft (18, 19) 
and to await first RA signals transmitted by near- 
by aircraft (18, 19) at the first frequency, the first 
RA signals containing information relating to a 
collision avoidance manoeuvre for the given air- 
craft (10) that is determined by the nearby air- 
craft (18, 19), the system processor (35) being 
configured and programmed to produce, via the 
transmitter stage (36, 38) at the first frequency, 
second RA signals іп a form representing colli- 
sion avoidance manoeuvre information that is 
complementary with information contained in 
the detected first RA signals, so that the nearby 
aircraft (18, 19) is allowed to resolve a potential 
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collision conflict ina manner having least impact 
on its intended flight path; and 

a display unit (42) coupled to the system proc- 
essor (35) for producing a graphic representa- 
tion of the tracking and collision avoidance in- 
formation produced by the system processor 
(35). 


A system according to claim 1, wherein the radio 
frequencies include 1030 MHz and 1090 MHz. 


A system according to claim 1 or 2, wherein the an- 
tenna array (22) comprises an omni-directional an- 
tenna (24) mounted on an upper portion of a fuselage 
(25) of the given aircraft (10), and an omni-directional 
antenna (26) mounted on a lower portion of said fu- 
selage (25). 


A system according to any one of the preceding 
claims, wherein the receiver stage (28, 30) is oper- 
ative to detect first acquisition signals that contain 
information relating to a position of the nearby aircraft 
(12, 14, 16), and the system processor (35) is con- 
figured to determine said position from the detected 
first acquisition signals. 


A system according to claim 4, wherein the first ac- 
quisition signals are in the form of Automatic De- 
pendent Surveillance Broadcast, ADS-B, squitter 
signals. 


A system according to any one of the preceding 
claims, wherein the control unit (60) and the system 
processor (35) are constructed and arranged to en- 
able a pilot of the given aircraft (10) to select an in- 
tercept mode of operation in which second RA sig- 
nals when transmitted to a target aircraft (18, 19) by 
the transmitter stage (36, 38) contain information 
corresponding to a command for the target aircraft 
to maintain level flight. 


A system according to claim 6, wherein the system 
processor (35) is configured not to respond to first 
RA signals transmitted from the target aircraft (18, 
19) to the given aircraft (10) when in the intercept 
mode of operation, and to continue to produce the 
second RA signals commanding the target aircraft 
to maintain level flight. 


A system according to claim 7, wherein the system 
processor (35) is configured so that, when the inter- 
cept mode is selected, algorithms that would other- 
wise instruct the pilot of the given aircraft to achieve 
a safe separation from nearby aircraft, are inhibited. 


A system according to any one of the preceding 
claims, wherein the system processor (35) is config- 
ured to enable the system to function as a transpond- 
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14. 


er. 


A system according to claim 9, wherein the control 
unit (60) is constructed and arranged to enable a 
code corresponding to a selected transponder mode 
to be entered manually by the pilot of the given air- 
craft (10). 


A system according to any one of the preceding 
claims, wherein the system processor (35) is config- 
ured to process certain information concerning 
squadron aircraft, and the control unit (60) is ar- 
ranged to enable said information to be entered man- 
ually by the pilot of the given aircraft (10). 


A system according to claim 11, wherein the infor- 
mation concerning squadron aircraft corresponds to 
a squadron’s transponder code or Mode S address. 


A system according to any one of the preceding 
claims, including a transmit/receive, T/R, switch 
module (34) coupled to the antenna array (22) and 
to the system processor (35), and an input of the 
receiver stage (28, 30) and an output of the trans- 
mitter stage (36, 38) are coupled to the T/R switch 
module (34). 


A system according to claim 1, wherein the system 
processor (35) is also configured to determine a 
course of action, which is producing a second RA 
signal in accordance with the information contained 
in the detected first RA signal from a nearby aircraft. 


Patentanspriiche 


1. 


Transponder- und Kollisionsschutzsystem (20) zum 
Einsatz bei einem gegebenen Flugzeug (10), wobei 
das System die folgenden Merkmale aufweist: 


eine Antennenanordnung (22), die so konstru- 
iert und angeordnet ist, dass sie Signale inner- 
halb eines bestimmten Bereichs um das gege- 
bene Flugzeug (10) herum mit ersten und zwei- 
ten definierten Hochfrequenzen emittiert und 
empfängt; 

eine Empfängerstufe (28, 30), die an die Anten- 
nenanordnung (22) angekoppelt wird, um Fol- 
gendes zu detektieren: 


bei einer ersten Frequenz: 


(i) erste Abfragesignale, die an das ge- 
gebene Flugzeug (10) von einem in der 
Nähe befindlichen Flugzeug ausge- 
sandt werden, und 

(ii) erste beratende Analyse-RA-Signa- 
le, die auf das gegebene Flugzeug (10) 
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von dem іп der Nähe befindlichen Flug- 
zeug (18, 19) gerichtet werden, das an 
Bord bestimmte Kollisionsschutzsyste- 
me aufweist, 


und bei der zweiten Frequenz: 


(1) erste Akquisitionssignale, die von 
dem in der Nähe befindlichen Flugzeug 
(12, 14, 16) ausgesandt werden und In- 
formationen in Bezug auf das in der Nä- 
he befindliche Flugzeug enthalten, und 
(ii) erste Antwortsignale, die von dem 
in der Nähe befindlichen Flugzeug (12, 
14, 16, 18, 19) gemäß den Abfragesi- 
gnalen ausgesandt werden, die dem in 
der Nähe befindlichen Flugzeug über- 
mittelt wurden; 


eine Sendestufe (36, 38), die betriebsmäßig mit 
der Antennenanordnung (22) verbunden ist, um 
Folgendes zu erzeugen: 


bei einer ersten Frequenz: 


(1) zweite Abfragesignale zur Übertra- 
gung auf ein in der Nähe befindliches 
Flugzeug (12, 14, 16, 18, 19), und 

(ii) zweite RA-Signale zur Übertragung 
auf das in der Nähe befindliche Flug- 
zeug (18, 19), 


und bei der zweiten Frequenz: 


(i) zweite Akquisitionssignale, die Infor- 
mationen in Bezug auf das gegebene 
Flugzeug (10) enthalten, und 

(ii) zweite Antwortsignale gemäß den 
ersten empfangenen Abfragesignalen; 


einen Systemprozessor (35), der mit der Emp- 
fängerstufe (28, 30) und der Sendestufe (36, 38) 
gekoppelt ist, um die Arbeitsweise der Empfän- 
gerstufe und der Sendestufe zu steuern und um 
Folgendes zu erzeugen: (a) eine Nachführ- und 
Kollisionsschutzinformation gemäß der Infor- 
mation, die in den Signalen enthalten ist, welche 
durch die Empfängerstufe detektiert wurden, 
und (b) Wellenformen zur Benutzungbeider De- 
finition von Signalen zur Übertragung durch die 
Sendestufe; 

eine Steuereinheit (60), die mit dem Systempro- 
zessor (35) gekoppelt ist, wobei die Steuerein- 
heit und der Prozessor so konstruiert und ange- 
ordnet sind, dass ein Pilot eines gegebenen 
Flugzeugs (10) in die Lage versetzt wird, eines 
oder mehrere Betriebsmoden des Systems (20) 
zu wählen und zu steuern und eine der Moden 
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ein Kollisionsschutzmodus ist, der mit Kollisi- 
onsschutzsystemen an Bord des in der Nähe 
befindlichen Flugzeugs (18, 19) zusammen- 
wirkt; 

wobei der Systemprozessor (35) in dem Kollisi- 
onsschutz-Betriebsmodus immer so konfigu- 
пей und programmiert ist, dass eine Slave- 
Funktion gegenüber dem in der Nähe befindli- 
chen Flugzeug (18, 19) angenommen wird und 
erste RA-Signale erwartet werden, die von dem 
in der Nähe befindlichen Flugzeug (18, 19) mit 
der ersten Frequenz ausgesandt werden, wobei 
die ersten RA-Signale Informationen enthalten, 
die sich auf ein Kollisionsschutzmanöver für ein 
gegebenes Flugzeug (10) beziehen, das be- 
stimmt wird durch das in der Nähe befindliche 
Flugzeug (18, 19), wobei der Systemprozessor 
(35) so konfiguriert und programmiert ist, dass 
über die Sendestufe (36, 38) mit der ersten Fre- 
quenz zweite RA-Signale in einer Form erzeugt 
werden, die eine Kollisionsschutzmanöver-In- 
formation repräsentieren, die komplementär ist 
mit der Information, die in den detektierten er- 
sten RA-Signalen enthalten ist, so dass das in 
der Nähe befindliche Flugzeug (18, 19) einen 
potentiellen Kollisionskonflikt in der Weise auf- 
lösen kann, die den geringsten Einfluss auf den 
beabsichtigten Flugpfad ausübt; und 

eine Anzeigeeinheit (42), die mit dem System- 
prozessor (35) gekoppelt ist, um eine graphi- 
sche Repräsentation der Nachführ- und Kollisi- 
onsschutzinformation zu erzeugen, die vom Sy- 
stemprozessor (35) erzeugt wird. 


System nach Anspruch 1, bei welchem die Hochfre- 
quenz 1030 MHz und 1090 MHz umfasst. 


System nach den Ansprüchen 1 oder 2, bei welchem 
die Antennenanordnung (22) eine Rundsichtanten- 
ne (24) auf einem oberen Abschnitt des Rumpfes 
(25) des gegebenen Flugzeugs (10) und eine Rund- 
sichtantenne (26) umfasst, die auf einem unteren 
Abschitt des Rumpfes (25) montiert ist. 


System nach einem der vorhergehenden Ansprü- 
che, bei welchem die Empfängerstufe (28, 30) erste 
Akquisitionssignale detektiert, die Informationen be- 
züglich einer Position eines in der Nahe befindlichen 
Flugzeugs (12, 14, 16) enthalten und der System- 
prozessor (35) so konfiguriert ist, dass die Position 
aus den detektierten ersten Akquisitionssignalen be- 
stimmt wird. 


System nach Anspruch 4, bei welchem die ersten 
Akquisitionssignale in Form von automatisch abhan- 
gigen Überwachungs-Rundfunk-ADS-B-Squittersi- 
gnalen ausgebildet sind. 


10. 


11. 


12. 


13. 
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System nach einem der vorhergehenden Ansprü- 
che, bei welchem die Steuereinheit (60) und der Sy- 
stemprozessor (35) derart konstruiert und angeord- 
net sind, dass ein Pilot eines gegebenen Flugzeugs 
(10) in die Lage versetzt wird, einen Abfangmodus 
des Betriebes zu wählen, in welchem zweite RA-Si- 
gnale, wenn sie durch die Sendestufe (36, 38) auf 
ein Zielflugzeug (18, 19) übertragen werden, Infor- 
mationen enthalten, die einen Befehl für das Ziel- 
flugzeug enthalten, die Flughöhe aufrecht zu erhal- 
ten. 


System nach Anspruch 6, bei welchem der System- 
prozessor (35) so konfiguriert ist, dass er nicht auf 
die ersten RA-Signale anspricht, die von dem Ziel- 
flugzeug (18, 19) auf das gegebene Flugzeug (10) 
im Abfangmodus des Betriebes übertragen werden 
und weiter die zweiten RA-Signale erzeugt werden, 
die befehlen, dass das Zielflugzeug die Flughöhe 
aufrecht erhält. 


System nach Anspruch 7, bei welchem der System- 
prozessor (35) so ausgebildet ist, dass bei Wahl des 
Abfangmodus Algorithmen gesperrt werden, die 
sonst den Piloten des gegebenen Flugzeugs instru- 
ieren würden, eine Sicherheitshöhe gegenüber dem 
in der Nähe befindlichen Flugzeug einzunehmen. 


System nach einem der vorhergehenden Ansprü- 
che, bei welchem der Systemprozessor (35) so kon- 
figuriert ist, dass das System als ein Transponder 
arbeitet. 


System nach Anspruch 9, bei welchem die Steuer- 
einheit (60) so konstruiert und angeordnet ist, dass 
ein Code entsprechend einem gewählten Transpon- 
dermodus durch den Piloten eines gegebenen Flug- 
zeugs (10) manuell eingegeben werden kann. 


System nach einem der vorhergehenden Ansprü- 
che, bei welchem der Systemprozessor (35) so aus- 
gebildet ist, dass er eine gewisse Information verar- 
beitet, die ein Geschwaderflugzeug betrifft, wobei 
die Steuereinheit (60) so angeordnet ist, dass die 
Information durch den Piloten des gegebenen Flug- 
zeugs (10) manuell eingegeben werden kann. 


System nach Anspruch 11, bei welchem die Infor- 
mation, das Geschwaderflugzeug betreffend, einem 
Geschwader-Transpondercode oder einer Mode-S- 
Adresse entspricht. 


System nach einem der vorhergehenden Ansprü- 
che, mit einem Sende/Empfangs-T/R-Schaltmodul 
(34), das mit der Antennenanordnung (22) und dem 
Systemprozessor (35) gekoppelt ist undein Eingang 
der Empfängerstufe (28, 30) und ein Ausgang der 
Sendestufe (36, 38) an das T/R-Schaltmodul (34) 
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angeschaltet sind. 


14. System nach Anspruch 1, bei welchem der System- 


prozessor (35) außerdem so konfiguriert ist, dass 
ein Aktionsverlauf bestimmt wird, der ein zweites 
RA-Signal gemäß der Information erzeugt, die in 
dem detektierten ersten RA-Signal von einem in der 
Nähe befindlichen Flugzeug enthalten ist. 


Revendications 


Un système transpondeur et anticollision (20) desti- 
пе a ёіге déployé sur un aéronef donné (10), le sys- 
téme comportant : 


un réseau d’antennes (22) construit et agencé 
pour етейге et recevoir des signaux dans une 
certaine portée de l’aéronef donné (10) à une 
première et une deuxième fréquence radio 
définies ; 

un étage récepteur (28, 30) agencé pour être 
couplé au réseau d'antennes (22) pour 
détecter : 


à la première fréquence : 


(i) des premiers signaux d'interrogation 
transmis depuis un aéronef proche à 
l'aéronef donné (10), et 

(ii) des premiers signaux d’avis de ré- 
solution, ВА, adressés à l’aéronef don- 
né (10) depuis un aéronef proche (18, 
19) ayant à bord certains systèmes an- 
ticollision, 


et à la deuxième fréquence : 


(i) des premiers signaux d'acquisition 
émis depuis un aéronef proche (12, 14, 
16) et contenant des informations se 
rapportant à cet aéronef proche, et 

(ii) des premiers signaux de réponse 
transmis depuis l’aéronef proche (12, 
14, 16, 18, 19) en réponse à des si- 
gnaux d'interrogation transmis à Гаёго- 
nef proche; 


un étage transmetteur (36, 38) agencé pour être 
couplé de façon opérationnelle au réseau d’an- 
tennes (22) pour produire : 


à la première fréquence : 


(i) des deuxièmes signaux d’interroga- 
tion destinés à être transmis à l’aéronef 
proche (12, 14, 16, 18, 19), et 

(ii) des deuxièmes signaux ВА destinés 
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à être transmis à l’aéronef proche (18, 
19), 


et à la deuxième fréquence : 


(i) des deuxièmes signaux d'acquisition 
contenant des informations se rappor- 
tant à l’aéronef donné (10), et 

(ii) des deuxièmes signaux de réponse 
en réponse à des premiers signaux 
d'interrogation reçus ; 


un processeur de systeme (35) couplé à l'étage 
récepteur (28, 30) et à l'étage transmetteur (36, 
38) destiné à contrôler des opérations de l’étage 
récepteur et de l'étage transmetteur pour pro- 
duire (a) des informations de зим et anticollision 
selon des informations contenues dans des si- 
gnaux détectés par l'étage récepteur, et (b) des 
formes d’onde destinées a ёіге utilisées pour 
définir des signaux destinés a étre transmis par 
l’etage transmetteur ; 

une ипйе де contröle (60) coupl&e au proces- 
seur de système (35), dans laquelle Гипйе de 
contrôle et le processeur sont construits et agen- 
cés pour permettre à un pilote de l’aéronef don- 
пе (10) de sélectionner et de contröler un ou 
plusieurs modes de fonctionnement du systeme 
(20), un des modes &tant un mode anticollision 
qui іпіегорёге avec les systemes anticollision а 
bord de l’aéronef proche (18, 19); 

dans lequel le processeur de système (35) dans 
le mode de fonctionnement anticollision est con- 
figuré et programmé pour assumer еп регта- 
nence une fonction asservie par rapport à l’aé- 
ronef proche (18, 19) et pour attendre des pre- 
miers signaux RA transmis par l’aéronef proche 
(18, 19) à la première fréquence, les premiers 
signaux RA contenant des informations relati- 
ves à une manoeuvre anticollision pour l’aéronef 
donné (10) qui sont déterminées par l’aéronef 
proche (18, 19), le processeur de système (35) 
étant configuré et programmé pour produire, par 
le biais de l'étage transmetteur (36, 38) à la pre- 
mière fréquence, des deuxièmes signaux RA 
sous une forme représentant des informations 
de manoeuvre anticollision qui sont complé- 
mentaires à des informations contenues dans 
les premiers signaux RA détectés de façon à 
permettre à Габгопет proche (18, 19) de résou- 
dre un conflit de collision potentiel d’une manière 
qui a un impact moindre sur sa trajectoire de vol 
envisagée ; et 

une unité d'affichage (42) couplée au proces- 
seur de système (35) destinée à produire une 
représentation graphique des informations de 
suivi et anticollision produites par le processeur 
de système (35). 
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2. Un système selon la revendication 1, dans lequel les 


fréquences radio incluent 1 030 MHz et 1 090 MHz. 


Un système selon la revendication 1 ou 2, dans le- 
quel le réseau d'antennes (22) comporte une anten- 
ne omnidirectionnelle (24) montée sur une portion 
supérieure d'un fuselage (25) de Габгопе! donné 
(10), et une antenne omnidirectionnelle (26) montée 
sur une portion inférieure dudit fuselage (25). 


Un système selon n'importe laquelle des revendica- 
tions précédentes, dans lequel бізде récepteur (28, 
30) fonctionne pour détecter des premiers signaux 
d'acquisition qui contiennent des informations rela- 
tives à une position de l’aéronef proche (12, 14, 16), 
et le processeur de système (35) est configuré pour 
déterminer ladite position à partir des premiers si- 
gnaux d'acquisition détectés. 


Un système selon la revendication 4, dans lequel les 
premiers signaux d'acquisition sont sous la forme de 
signaux squitter, de surveillance dépendante auto- 
matique en mode diffusion, ADS-B. 


Un système selon n'importe laquelle des revendica- 
tions précédentes, dans laquelle l’unité de contrôle 
(60) et le processeur de système (35) sont construits 
et agencés pour permettre à un pilote de l’aéronef 
donné (10) de sélectionner un mode de fonctionne- 
ment interception dans lequel des deuxièmes si- 
gnaux ҺА, lorsqu'ils sont transmis à un aéronef cible 
(18, 19) par l'étage transmetteur (36, 38), contien- 
nent des informations correspondant à une com- 
mande à l’aéronef cible de maintenir un vol horizon- 
tal. 


Un système selon la revendication 6, dans lequel le 
processeur de système (35) est configuré de façon 
à ne pas répondre à des premiers signaux RA trans- 
mis depuis l’aéronef cible (18, 19) а ’'aéronef donné 
(10) lorsqu'il est en mode de fonctionnement inter- 
ception, et de façon à continuer à produire les 
deuxièmes signaux ВА commandant à Гавгопе! ci- 
ble de maintenir un vol horizontal. 


Un système selon la revendication 7, dans lequel le 
processeur de système (35) est configuré de sorte 
que lorsque le mode interception est sélectionné, 
des algorithmes qui auraient autrement donné l'ins- 
truction au pilote de l’aéronef donné de parvenir à 
s'éloigner d’une distance sûre de l’aéronef proche, 
sont interdits. 


Un système selon n'importe laquelle des revendica- 
tions précédentes, dans lequel le processeur de sys- 
tème (35) est configuré pour permettre au système 
d'opérer en tant que transpondeur. 


10. 


11. 


12. 


13. 


14. 
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Un systeme selon Іа revendication 9, dans lequel 
l'unité de contrôle (60) estconstruite et agencée pour 
valider un code correspondant a un mode transpon- 
deur sélectionné devant être saisi manuellement par 
le pilote de l’aéronef donné (10). 


Un système selon n'importe laquelle des revendica- 
tions précédentes, dans lequel le processeur de sys- 
tème (35) est configuré pour traiter certaines infor- 
mations concernant un aéronef d’escadron, et l’unité 
de contrôle (60) est agencée pour valider lesdites 
informations devant être saisies manuellement par 
le pilote de l’aéronef donné (10). 


Un système selon la revendication 11, dans lequel 
les informations concernant l’aéronef d’escadron 
correspondent à un code de transpondeur ou adres- 
se en mode $ de Гезсаагоп. 


Un système selon n'importe laquelle des revendica- 
tions précédentes, comprenant un module de com- 
mutationtransmission/réception, T/R, (34) couplé au 
réseau d'antennes (22) et au processeur de système 
(35), une entrée de l’étage récepteur (28, 30) et une 
sortie de l'étage transmetteur (36, 38) étant couplées 
au module de commutation T/R (34). 


Un système selon la revendication 1, dans lequel le 
processeur de système (35) est également configuré 
pour déterminer un plan d'action qui produit un 
deuxième signal ВА conformément aux informations 
contenues dans le premier signal RA détecté prove- 
nant d’un aéronef proche. 
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